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Abstract - The research on the development of 
electric vehicles includes such as power electronics, 
energy storage capability that the higher the battery, 
reducing fuel emissions, and the motor efficiency.  
The electric motor efficiency requires the automatic 
control on the main parameters such as speed, 
position, and acceleration.  The performance setting 
of speed Brushless DC (BLDC) Motor can be 
improved by using the controller Proportional 
Integral Derivative (PID), a combination of PID 
using nature inspired optimization algorithms such 
as Bat Algorithm (BA). BA is one of the optimization 
algorithm that mimics the behavior of bats on the 
move using a vibration or sound pulses emitted a 
very loud (echolocation) and listen to the echoes that 
bounce back from the object to determine the 
circumstances surrounding vicinity    
In this paper, simulate of Bat Algorithm to find the 
best value PID controller parameter to speed control 
BLDC motor  and analyze performance such as the 
value of overshoot, steady state. The result  
simulation shows that values for the PID parameters 
without using algorithm bat is Kp = 208.1177, Ki = 
1767, and Kd = -8.6025. While using the algorithm 
bat got value Kp = 5.4303e+04, Ki = -1.3059e+06, 
and Kd = 3.0193e+04. The performance of the 
motor obtained through value rise time of  0. 282,  
settling time of 1.5, overshoot  value  of 20.5%  and 
the peak value of  1.21.  
Keyword: Electric Vehicle, BLDC Motor, PID and 
Bat Algorithm. 
 
 
1. BACKGROUND 
 
In recent years, research on the development of electric 
vehicle is increasing, due to the increasing number of 
motor vehicles in the world consumption of 700 million 
in a 2.5 billion along with the increasing world 
population of 6 billion in 2000 to 10 billion in 2050 [1]. 
Research to develop electric vehicles lies in various 
aspects such as the battery's ability to store energy, 
improving the efficiency of the electric motor as the 
driving force, the material component architecture with 
lighter materials and power electronics [2].   
The main parameters of the automatic control such as 
speed, position, acceleration and current is used to 
improve the performance of electric motors [3]. There 
are five types component of electric motors used in 
electric vehicles, namely DC motors, induction motors, 
permanent magnet synchronous motors, switched 
reluctance and brushless DC motors [4]. Motor 
Brushless Direct Current (BLDC) as one type of 
electric motor vehicle, is widely used because it has 
several advantages such as better speed versus torque 
characteristics, high dynamic response, high efficiency, 
long operating life, noiseless operation, higher speed 
ranges and high power-to-weight ratio [5] 
Performance setting motor speed brushless DC can be 
improved by using the controller proportional integral 
derivative (PID), a combination of PID using nature 
inspired optimization algorithms such as particle 
swarm, cuckoo search, and bat algorithms, through the 
specification of a time domain such as settling time, 
undershoot, overshoot, recovery time, and steady-state 
error and the performance of the motor performance 
through root mean squared error, integral of absolute 
error, Multiplied time integral of absolute error and the 
integral of squared error [6].  
Based on this, in this paper will simulate and analyze 
the performance of bat algorithm to optimize controller 
PID for the speed control BLDC motor in electric 
vehicles by reducing the value of steady state error and 
minimal overshoot.  
 
 
2. METHODS DESIGN STABILITY SPEED 
CONTROL BLDC MOTOR OPTIMIZED BY 
BAT ALGORITHM 
2.1. Electric Vehicle  
The electric vehicle is a vehicle that uses electrical 
energy as the driving force. Electric vehicles are 
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classified into three types: pure electric vehicle (PEVs), 
hybrid electric vehicles (HEVs), and fuel cell electric 
vehicles (FCEVs). Figure 1 shows the component parts 
of the electric vehicle is battery, inverter, controller and 
electric motor. A battery is a major component of an 
electric car that serves to store energy and used to 
power electric vehicle [7].  
 
Battery 
DC-DC 
Converter
Inverter Motor
Drive Wheels
 
Figure 2.1. Electric vehicle architecture 
 
Battery electric vehicle have the advantage of high 
efficiency, low noise level, and has the potential to 
reduce air pollution when charged from a source of 
renewable energy. The next component is the inverter, 
which is a bi-directional converter, which receives high 
voltage traction battery and converts it to a three-phase 
AC voltage suitable for traction. Another component is 
the controller, is a component that serves to regulate 
drive torque, the braking energy optimization control, 
the vehicle energy management, fault diagnosis and 
processing, and vehicle condition monitoring. The last 
component is the electric motor. The electric motor can 
be used as the driving  kinds of motors, such that DC 
motors, induction motors, permanent magnet 
synchronous motors, switched reluctance and Brushless 
DC motors.[4] 
A DC-DC converter is used to adjust the voltage on the 
battery and motor drive system. Feedback and speed 
profile of the motor is taken as a reference for the 
inverter control pulse generator. Charged state of the 
battery at the time considered to control the converter. 
DC voltage converter to bring the needs of the inverter. 
[8] 
 
2.2. Mathematical Model of BLDC Motor 
Brushless DC motors (BLDC motor) which is known as 
an electronic commutated motors have many 
advantages such as simple structure, reliable operation, 
low maintenance, high dynamic speed, better control 
performance and good mechanical properties. A 
Brushless DC motors have a rotor with permanent 
magnets and a stator with the windings connected to the 
electronic control. Electronic controls replace the 
function of the commutated and energize the proper 
winding. Each turn of the sequence has one roll of 
electrical energy to the positive (current into the 
windings), the second winding negative (when exiting 
the turns) and the third is in a state of non-energy. The 
torque generated due to the interaction between the 
magnetic field generated by the stator coils and 
permanent magnets. [9] 
 
The circuit diagram for the stator winding is as shown 
in figure.2. 
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Figure 2.2. Circuit diagram stator winding 
 
BLDC motor circuit equations can be described by the 
equation (1-3).[10] 
𝑉𝑎 = 𝐼𝑎𝑅 + 𝐿
𝑑𝑖𝑎
𝑑𝑡
+ 𝐸𝑎    
                          (1) 
𝑉𝑏 = 𝐼𝑏𝑅 + 𝐿
𝑑𝑖𝑏
𝑑𝑡
+ 𝐸𝑏                                          (2) 
𝑉𝑐 = 𝐼𝑐𝑅 + 𝐿
𝑑𝑖𝑐
𝑑𝑡
+ 𝐸𝑐       
              (3) 
Where, La=Lb= Lc = L  :  self-inductance [H] 
Ra=Rb= Rc = R             :  phase resistance [] 
Va=Vb= Vc=  V            :  phase voltages [V] 
Ia= Ib  = Ic  =  I             :  phase current[A] 
Ea= Eb =Ec =  E            :  back EMF [V] 
 
The transfer function is therefore obtained as follows 
using the ratio of and the angular velocity, m to source 
voltage, Vs.[11] That is,  
 
𝐺(𝑠) =
𝜔𝑚
𝑉𝑠
=
1
𝐾𝑒
𝜏𝑚𝜏𝑒𝑠2 + 𝜏𝑚 . 𝑠 + 1
                                                                                         (4) 
 
Where the mechanical (time constant) is 
 
𝜏𝑚
=
𝑅𝐽
𝐾𝑒𝐾𝑡
                                                                                                                        (5) 
         
                                                   
The electrical (time constant),  
𝜏𝑒
=
𝐿
3𝑥𝑅
                                                                  (6) 
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𝐾𝑒
=
3𝑅∅𝐽
𝐾𝑡𝜏𝑚
                                                               (7) 
 
where, R=R is terminal resistance phase to phase, Te is 
the input torque of the winding, J is the inertia of the 
system, L is the inductance armature, kT is the torque 
constant, P is the number of poles.  The coefficient B is 
calculated from the moment of inertia J 
 
The parameters used for the modeling BLDC motor is 
shown in Table 1. The parameters are taken from [12] 
 
Table 2.1. BLDC Parameter Motor  
 
No. Parameter  Value 
1 Armature 
Resistance (Ra) 
0.94  
2. Armature 
Inductance (La) 
1.19 x 10
-3 
H 
3. Moment Inertia (J)  5.1 x 10
-3 
Kgm
2 
 
4. Torque constant 
(Kt)  
0,426 Nm/A 
5. Mechanical Time 
constant (m) 
0.00491sec 
 
𝜏𝑒 =
𝐿
3𝑥𝑅
=
1.19𝑥10−3
3𝑥0.94
=
1.19𝑥10−3
2.82
= 422𝑥10−6 
 
JRotor  = 5.1x10
-6 
Kgm
2 
  
 
𝐾𝑒 =
3𝑅∅𝐽
𝐾𝑡𝜏𝑚
 =
3𝑥0.94𝑥5.1𝑥10−6
0.426𝑥0.00491
=
14.382𝑥10−6
2.092𝑥10−3
= 6.87𝑥10−3  𝑉. 𝑠𝑒𝑐 𝑟𝑎𝑑⁄   
 
𝐺(𝑠) =
𝜔𝑚
𝑉𝑠
=
1
𝐾𝑒
𝜏𝑚𝜏𝑒𝑠2 + 𝜏𝑚 . 𝑠 + 1
 
 
 
 
𝐺(𝑠) =
𝜔𝑚
𝑉𝑠
=
1
6.87𝑥10−3⁄
0.00491𝑥422. 𝑥10−6. 𝑠2 + 0.00491. 𝑠 + 1
 
 
𝐺(𝑠) =
145.5
2.072. 10−6. 𝑠2 + 0.00491. 𝑠 + 1
 
 
2.3. Bat Algorithm  
 Algorithm (Bat algorithm) is one of the optimization 
algorithm that mimics the behavior of bats on the move 
using a vibration or sound pulses emitted a very loud 
(echolocation) and listen to the echoes that bounce back 
from the object to determine the circumstances 
surrounding. Bats will tend to choose a place more 
lonely than a noisy place. Each pulse noise include 
frequency, loudness, and rate of pulse emission. Bat 
algorithm is based on the following aspects; all bats use 
echolocation and distinguish the difference between the 
victim and obstruction. Bats fly at random, in a random 
location, with a variable frequency, loudness, and rate 
of pulse emission. [6].  
Stages Bat algorithm begins by initializing a 
set of bat populations ({B1, B2,…, BN}). Each bat are 
defined as the position (𝑥𝑖
𝑡), velocity(𝑣𝑖
𝑡),
frequency(𝐹𝑖), loudness  (Ai
t) and the rate of pulse 
emission (ri
t). In ordert to get the right frequency, Fmin 
and Fmax, are identified as lower and upper bound  
emission frequencies.  Alfa ()  and gamma () are 
parameters to be set 0.9 before the run.  Algorithmanya 
stages as follows [13]: 
Step 1: While t < maximum number of iterations  
Step 2: For i = 1: Nb , generate Bnew ,  If rand > 
rnew with select one among the best solutions 
and generate a local solution around this one. 
Step 3: If else so select randomly a solution and 
generate a local solution around this one, and 
if evaluate for the bats.  
Step 4: If (rand < Ai )  (Bnew < Bi) so Bi = Bnew become 
increase r1 and reduce Ai  
Step 5: End for rank bats to find the best solution in 
population find the best bat.  
 
2.4. PID (Proportional Integral Derivative) 
Proportional Integral Derivative control system is a 
feedback control technology that is widely used as an 
automatic controller in industrial control systems. The 
PID control system has an important role to carry out 
energy saving system on any closed loop control 
system  [14].  
The rapid development of science and technology, 
demand accuracy, speed of response and stability 
control system becomes higher. For this process, the 
classic PID control has been widely used because of its 
simple construction and good durability. The PID 
control principle is to establish control with 
proportional, integration and differentiation, then 
choose a linear combination of the right to control the 
target [15].  
 
3. RESULT AND ANALYSIS  
 
BLDC motor parameters based on data that has been 
mentioned, the open-loop analysis by considering 
several factors of stability and making some necessary 
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plot for this analysis, like to include the step response 
open loop, root locus,  and bode plot diagram. 
3.1. Open Loop System  
After obtaining the transfer function equation, then we 
are modeling the transfer function in the form of 
Simulink such as Figure 3.1. 
 
Figure 3.1. Block Simulink Open Loop System 
 
Figure 3.2.a. Shows open loop step response diagram 
BLDC Motor with t=2 sec, achieving stability in the 
value of t = 1.023 and amplitude = 144.7.  
Figure 3.2.b. Shows open loop step response diagram 
BLDC Motor with t=0.05 sec, achieving stability in the 
value of t = 0.0304 and amplitude = 145. 
 
 
 
                                                                    
Figure 3.2.a.  Open Loop Step Response Diagram 
BLDC Motor with t=2 sec 
      3.2.b. Open Loop Step Response Diagram 
BLDC Motor with t=0.05 sec 
 
 
3.2. PID Controller Tuning Parameter 
Controller tuning PID parameter using Zeigler-
Nicholas method can write in block diagram Simulink. 
Figure 3.3. Explains the PID control system applied to 
be able to improve the transient response in particular 
rise time, settling time, eliminating the steady-state 
response, and improve transient response with error 
predicting what will happen. 
 
 
Figure 3.3. PID Schematic for BLDC Motor 
 
Table 3.1. Magnitude PID parameter values used to 
determine the stability of the system. 
 
Table 3.1. Controller PID Parameter  
No. Parameter  Value  
1. P (Proportional )  0.0118 
2. I (Integral)  3.0718 
3. D (Derivative)  -1.422e-05 
 
There are several parameters in determining a closed 
loop system, the rise time is the time it takes the output 
of the plant, according to the level desired at the first 
season run. Overshoot, settling time, and steady-state 
error. Peak overshoot is how much higher level of 
steady state, to create a more normal steady state. 
Settling time is the time it takes the system to reach 
steady state. Steady state error is the difference between 
the steady state output to the desired output.  
Figure 3.4. Close PID loop graph shows the step 
response with the graphic form P (Proportional), PI 
(Proportional Integral) and PID (Proportional Integral 
Derivative). With P system value of Time (seconds) of 
0.0065 and an amplitude value of 0.627. PI system is 
the value of time (seconds) of 0.008, and the amplitude 
value of 1:01. And the last system PID is the value of 
Time (seconds) of 0.011 and the amplitude value is 
0.996. 
Table 3.2. Demonstrate the value obtained from the rise 
time, settling time, overshoot and peak after PID tuning 
parameters. The value achieved for the rise time is 
0:00357 second, settling time of 0.011, the value of 
overshoot 8.76 % and the peak value is 1. 09.  
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Figure 3.4. Diagram Close Loop PID step response 
 
 
Table 3.2. Performance and Robustness PID Controller 
No. Parameter  Value  
1. Rise time  0.00357 second 
2. Settling time 0.011 second 
3. Overshoot  8.76 % 
4. Peak  1.09 
5. Closed-loop 
stability 
Stable 
 
 
 
3.3. Bat Algorithm for Optimal Design Stability 
Speed Control Tuning PID  
In this paper, Bat Algorithm is applied to find the best 
PID parameters so that the system is performing 
dynamic control and better. Figure 3.5. shows 
performance analysis stability of speed control of 
BLDC motor using Bat algorithm. 
 
 
 
Figure 3.5. Block Simulink Bat Algorithm For Tuning 
PID 
 
Table 3.3. shows parameters Bat algorithm which is 
used to obtain the best value in the PID tuning 
controller 
 
Table 3.3. shows parameters Bat algorithm 
 
Information Value 
Size Population  20 
Loudness 0.2 
Pulse rate 0.5 
Alpha and Gamma 0.9 
Frequency minimum 0 
Frequency maximum 20 
The First Iteration 1 
Maximum Iteration 30 
Dimension parameter 3 
 
Figure 3.6 shows result running of optimal speed 
controller design stability using bat algorithm, managed 
to get the best value from proportional (Kp) amounted 
to 5.4303e+04, the integral value (Ki) of -1.3059e+06  
and derivatives  value (Kd) of 3.0193e+04 and Figure 
3.7 shows graph controller PID have tuning with Bat 
algorithm.  
 
 
 
Figure 3.6. Running result for Tuning PID Controller 
using Bat Algorithm 
 
 
Figure 3.7. Graph for Response Speed BLDC Motor 
with PID-Bat Algorithm 
 
Table 3.3. Shows the value of the performance of the 
optimal design speed stability control after using a bat 
optimization algorithm. 
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Table 3.3.  Performance and Robustness Using Bat 
Algorithm 
No. Parameter  Value  
Bat 
Algorithm 
PID 
1. Rise time  0.282 
second 
0.00357 
second 
2. Settling time 1.5 second 0.011 
second 
3. Overshoot  20.5 % 8.76 % 
4. Peak  1.21 1.09 
5. Closed-loop 
stability 
Stable Stable 
 
After be comparing the performance, stability when 
using PID controller and assistance Bat algorithm for 
PID tuning parameters, then the peak value and settling 
time better when without the use of artificial 
intelligence. 
4. CONCLUSIONS  
 
The aim of the BLDC motor speed control is for 
stability, reduce error steady state, produces the desired 
response and increase reliability. Performance analysis 
of the stability of the BLDC motor speed regulation is 
analyzed using Matlab simulations produce: 
1. The open loop system, using the input unit step 
response at time range up to t = 0.05 has achieved 
stability in the value of t to 0.0304 and amplitude is 
145. 
2. The close loop system, using a PID controller have 
obtained for the value of rise time is 0. 00357 
second, settling time of 0.011, the value of 
overshoot 8.76% and the peak value is 1. 09. 
3. The close loop system with PID controller have 
tuned with Bat algorithm,  is obtained value from 
gain proportional (Kp) amounted to 5.4303e+04, 
the gain integral value (Ki) of -1.3059e+06  and 
gain derivatives  value (Kd) of 3.0193e+04. 
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